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Norio Sahashi* Morphological and taxonomical studies on 
Ophioglossales in Japan and the adjacent regions (1) 
Botrychium boreale from Hokkaido 

an*: y (1) 

Materials. On July 4, 1976, a species of Botrychium was found by Prof. 
Matsuji Hara 15 and others, on a somma of Mt. Usuzan, an active volcano in 
southern part of Hokkaido. Of the three specimens collected there, the one 
was passed to me by Prof. S. Kurata, Tokyo University. Shortly after that 
I was also able to borrow the other two specimens (Fig. 1. A, C) from Prof. 
Hara and investigate these specimens in all. Furthermore, I had a chpnce 
to visit the habitat on August 6, 1976, with Prof. Hara and Mr. T. Kashityagi. 
Three specimens (Fig. 1. B, E, Fig. 2) were found there growing under a 
deciduous broad-leaved forest, 600 m above the sea. Above-mentioned six 
specimens are the materials used in present paper. 

Unfortunately, Mt. Usuzan burst into violent eruption on August 7,’ 1977, 
and is still active. I am worrying that the state may lead the habitat to 
extinction. 

External features. Plant somewhat stout and fleshy, 14-23 cm tall, 
glabrous, commonly light-green; phyllomophore 9-17 cm long; sterile frond 
inserted above the middle or near the summit of the plant, sessile or nearly 
so, ovate or often triangular in outline, 2.3-6 cm long, 2.3-5 cm wide, bipin- 
nate or subbipinnate (at least toward the base), pinnae 3-5 pairs, with the 
primary divisions palmately lobed or crenate, acute at the apex; fertile stalk 1.5- 
3.5 cm long, the fertile spike bipinnate or paniculate, 1.5-5 cm long; sporangia 
1 mm in diameter. 

From these features the specimens in question are look alike entirely to 
the specimens in the name of B. boreale in some herbaria (Fig. 3. A-D). 
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Vernation. Bud glabrous, wholly concealed by the base of the phyllomo- 
phore. Only the apex of the sterile frond bent over inside, the upper seg¬ 
ments (Fig. 4. A, B, arrows), in contrast with B. lunaria, in which the 
apex is bent over on the outside (Fig. 4. C, D, arrows). 

Vascular type in the phyllomophore. In lower part of the phyllomophore, 
the vascular bundle is already divided into two equal bundles, each of which 
faces the xylem (Fig. 5. A, B). About the middle of the phyllomophore, 
these bundles begin to divide at the center of each bundle (Fig. 5. C). 
Near the top of the phyllomophore, these bundles are divided respectively 
into two parts in a tangential plane (Fig. 5. D). This Double-arc type (Nozu, 


Fig. 2. Botrychium boreale growing under a forest on a somma 
of Mt. Usuzan Hokkaido (Aug. 6, 1976). Scale=2cm. 
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Fig. 4. Buds of Botrychium boreale (A, B) and B. lunaria (C, D) from Hokkaido. A, 
front view, arrow points to the apex which is bent over inside of the upper segments. B, 
side view, from the left, arrow points to the apex of the upper segments. C, front view, 
arrow points to the apex which is bent over on the outside of the upper segments. D, side 
view, from the left, arrow points to the apex of the upper segments. 




Fig. 5. Serial sections of the phyllomophore of Botrychium boreale from Hokkaido. A & 
B, showing double-arc bundles in the lower part of the phyllomophore. C, each bundle is 
contracted at the center in the middle of the phyllomophore. D, each bundle separates into 
two in a tangential plane near the top of the phyllomophore. 


1950) of vascular bundles are found by Chrysler (1945) in B. lunaria, B. 
boreale, B. lanceolatum, and some other species of Botrychium. 

Spore morphology. Spores are tetrahedral, trilete, often somewhat ir¬ 
regular in outline. The polar view is rounded triangular to often sub- 
triangular (Fig. 6. A, C; PI. I. A, E). The distal part is hemispherical to 


23 — 





56 


:f£ 


mu 53 ^ 2 B 



often conical and the proximal part is convex to flat in equatorial view. 
Average size in polar diameter x equatorial diameter of spores is 32 x 38 /tm, 
ranging 30-34 x 35-42 fx m. At least 30 grains were measured. The laesura 
arms are about 15 /xm long and range from 11 /xm to 19 fx m, being up to 3 fxm 

tall at the proximal pole. The arms are slender and often undulated (Fig. 

i 

6. C; PI. I. E). The exine is about 2.5 ^m thick, including sculptures 
which are light-yellow and semitransparent with somewhat large and thick 
verruca-like projections on the distal face (Fig. 6. A; PI. I. A). These 
projections are 3-7 ^m broad .and up to 2 /xm tall. The very fine granules 
are scattered all over the surface of the spore (Fig. 6. B; PI. I. C). The 
sculptures of the contact area are usually condensed with small verrucae 
(Fig. 6. C; PI. I. E). 

In spore material of B. boreale from Isl. Paramushir (no. 135332 in TNS) 
the spore size variation is small, 30-34 x 35-40 /xm, and the verrucae in the 
distal face are more or less similar to those of the specimens from Mt. 
Usuzan. Specimens from Mt. Paiktusan (T. Ishidoya, Jul. 1931, in KYO) 



Fig. 6. Spores of Botrychium boreale illustrated under the light and electron microscopic 
observations. A, B, & C, specimens collected from Hokkaido. D, E, & F, specimens collected 
from Finland. A & D, polar view, distal face. B & E, a part of distal face, showing inter¬ 
mediate form between tuberose and verrucose. C & F, polar view, proximal face. 
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and Isl. Shumshu (K. Kishikawa, Jul. 1934, in SAPA) have spores similar to 
those from Mt. Usuzan, measuring 32-38x38-44 in size, although the 
former’s spore has larger verrucae and the latter’s one has smaller ones 
than those of the specimens from Mt. Usuzan. On the other hand, the 
spore size from Finland (no. 1363426 in UC) shows 35.5-42 x 42-49 ^m, but 
sculptures on the distal and proximal face are similar to those from Mt. 
Usuzan (Fig. 6, D, E, F; PI. I, B, D, F). 

Spore morphology of B. boreale was already investigated by some paly- 
nologists (Knox, 1938; Sladkov, 1959; Haeggstrom & Niemi, 1965; and 
Erdtman & Sorsa, 1971). The spore size was reported to be a little different 
by each author, but the surface of the spore is described almost in a verrucae 
pattern, except Knox (1938) who described it to be reticulate. In general, 
however, reticulate patterns are found in spores of the subgenus Sceptridium. 
In 1976 I observed the spores of B. lunaria and B. lanceolatum by the SEM. 
In the present study, I found that both the spores of the present specimens 
from Hokkaido and those of B. boreale from some herbaria have intermediate 
surface patterns between these two species (Fig. 6; PI. I). Usually, how¬ 
ever, B. boreale takes after B. lunaria more than B. lanceolaium. 

Conclusions. These results lead to the conclusion that Botrychium species 
in Hokkaido is identical with B. boreale (Fries) Milde in Bot. Zeit. 15: 880. 
1857. j 

According to the distribution map of B. boreale by Clausen (1938) and 
Hulten (1968), it is widely distributed in circumpolar regions. The present 
habitat is a new record in the temperate region in Japan. 

In Japan and the adjacent regions, B. boreale was first reported by Nakai 
(1925, in Bot. Mag. Tokyo 39 : 191) from Mt. Paiktusan in Corea. Formerly 
he considered it as a new species, B. subalpinum Nakai (1918, nom. nud.). 
Tagawa reported B. boreale from Isl. Paramushir, in the Kurile Islands (1956, 
in Acta Phytotax. Geobot. 16: 174). Furthermore Nishida (1959) made sure 
that Nakai’s and Tagawa’s B. boreale are reliable. 

In the course of present study, I found the following four specimens of 
B. boreale (Fig. 7) in some herbaria: 1) no. 251594 in TNS, from Mt. Paik¬ 
tusan in Corea, 2) no. 135332 in TNS, from Isl. Paramushir 3) K. Kishikawa, 
Jul. 1934, in SAPA, from Isl. Shumshu in the Kurile Isis., and 4) I. Nami- 
kawa, Jul. 1920, in SAPA, from Ust’-Kamchatsk, Kamchatka. 
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Fig. 7. Distribution map of Botrychium boreale in Japan and the adjacent regions drawn 
basing on the specimens in Japanese herbaria. 
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Explanation of Plate I 

Plate I. Spores of Botrychium boreale Milde: A, C, E. Specimen collected 
from Hokkaido (herb, in TOHO). B, D, F. Specimen collected from 
Finland (herb, in UC). A, B. Polar view, distal face, showing triangular 
outline and verruca-like projections. C, D. A part of distal face, showing 
intermediate form between tuberose and verrucose. E, F. Polar view, 
proximal face, showing somewhat undulated laesurae and dense verrucae. 
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